Prostaglandins and nitric oxide mediate superoxide-induced myocardial contractile dysfunction in isolated rat hearts.
Oxygen-derived free radicals have been implicated in the pathogenesis of myocardial injury. We therefore investigated the pathophysiology of myocardial injury induced in isolated rat hearts by perfusion with superoxide radical generated by reacting 2.5 mmol/l purine, 0.03 U/ml xanthine oxidase and 300 U/ml catalase. Perfusion with superoxide significantly (P<0.05) increased left ventricular end-diastolic pressure within 15 to 20 min. During the same time period, heart rate and left-ventricular developed pressure significantly declined to 44.6+/-8.2% and 31.0+/-4.9% of control, respectively. Superoxide perfusion also significantly increased production of prostaglandins, nitric oxide (detected as nitrites) and peroxynitrite (detected immunohistochemically as nitrotyrosine). N(G)-nitro-l-arginine (100 micromol/l), a nitric oxide synthase inhibitor, attenuated superoxide-induced generation of peroxynitrite, increased synthesis of prostacyclin, and partially blocked myocardial dysfunction, as did 1H-[1,2,4]oxadiazolo[4,3-a]quinoxalin-1-one (30 micromol/l), a selective inhibitor of soluble guanylate cyclase, and ONO-3708 (10 micromol/l), a selective thromboxane A(2)receptor antagonist. In contrast, nitroglycerin (4 micromol/l) and sodium nitroprusside (1 micromol/l) each exacerbated the superoxide-induced myocardial dysfunction. These results suggest that nitric oxide and related reactive species contribute to myocardial injury induced by superoxide. Moreover, they suggest that oxidative stress can be delayed or inhibited by reducing levels of nitric oxide, by inhibiting soluble guanylate cyclase, and by blocking thromboxane/prostaglandin receptors.